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SECTION 3 


QUANTIFICATION AND SIGNIFICANCE OF ELECTROENCEPHALOGRAPHIC 
CHANGES ASSOCIATED WITH SPACE FLIGHT 


3.1. SUMMARY 


The Skylab EEG data has been analyzed in a quantitative manner, using a 
computer methodology that provides both amplitude and frequency information. 

For comparison purposes, a similar analysis of the Skylab Medical Experiments 
Altitude Test (SMEAT) data was also accomplished. The results indicate that 
the unique environment associated with space flight does influence the elec- 
troencephalogram (EEG), and several inflight changes were common to all three 
astronauts studied. The awake state was characterized by increases of beta 
and delta activity and elevation of the average alpha frequency. During 
stages 2 and 3 of sleep, the delta amplitude tended to be higher than pre- 
flight. In addition, certain other significant alterations were found to 
occur in individual cases. In spite of these clear-cut changes inflight, the 
EEG characteristics were never found to be abnormal. 

A number of potential etiological factors have been identified and their 
various possible influences discussed. The occasional use of drugs inflight 
was considered to be one conceivable explanation for increases in beta-range 
activity and for elevation of the alpha frequency. The pattern of medication 
use, however, seems to preclude this factor as the sole cause, although it 
probably exerted some effect. Changes in metabolic rate and psychological 
aspects might also play a role. The presence of the zero-g state was thought 
to be an important factor, possibly influencing EEG through alteration of 
vestibular function and/or by producing fluid shifts secondary to loss of 
hydrostatic pressure. 

The results indicate that the EEG may eventually be of value in determin- 
ing the etiology of the "space motion sickness" syndrome. In particular, the 
possibility that increased intracranial pressure may result from fluid shifts 
associated with prolonged weightlessness should be considered in future studies 


3.2. INTRODUCTION 


The goal of this project was to analyze in detail, using computer quantifi 
cation methods, the Skylab electroencephalographic data obtained during the 
course of the Ml 33 series of experiments (1-5). This undertaking was prompted 
by initial observations made during visual analysis of the tape-recorded sleep 
records. It was noted that there appeared to be an increase of the alpha- 
rhythm frequency during some inflight recording sessions, as compared to pre- 
flight baseline observations. Subsequently, this was investigated in a more 
systematic manner, using visual-analysis techniques. 
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The results of this preliminary study (5) indicated that in all three 
Skylab missions there was at least a tendency toward an increased alpha 
frequency. This phenomenon was most clear-cut in the 84-day flight, with 
an average increase of approximately 0.8 Hz, compared to baseline. A similar, 
but less pronounced, result was determined for the 59-day mission, and, al- 
though only two inflight monitoring sessions were obtained during the 28- 
day flight, a slight elevation was observed. 

A more extensive and quantitative analysis of this data was consequently 
proposed in order to extract as much information as possible from the Skylab 
results. It was postulated that such information could be of value in identify 
ing possible neurological factors involved in production of the space motion 
sickness syndrome, which has been a recurrent problem in past manned space 
flights. 


3.3. METHODS 


3.3.1. Data-Base Considerations 


As a part of the sleep monitoring experiment (M133), the EEG was recorded 
during selected all-night sessions from three Skylab astronauts. Signals were 
obtained from the scalp by means of a recording cap, containing built-in sponge 
electrodes. After suitable amplification, the EEG, in addition to EOG (electro 
oculogram) and head-movement signals, was recorded on an onboard analog tape 
recorder. At the termination of each mission, the tapes were returned and sub- 
sequently played back to produce graphic records suitable for visual analysis 
of sleep characteristics. These analog tapes were utilized in the present 
study and served as the basic data base. 


Only one EEG channel was recorded during Skylab, and it was derived from 
four scalp electrode positions: left central (C-j), right central (C 2 ), left 

occipital (0]), and right occipital (Op)* The two central electrode positions 
were electrically paired, as were the two occipitals, and each pair served as 
one input to the EEG amplification system. This paired central -to-paired 
occipital derivation provided a highly reliable channel for determination of 
sleep characteristics, but, in terms of the present study, it prevented con- 
sideration of any left-right differences (asymmetries) that might have been 
present. Similarly, the limited montage did not permit a comprehensive exam- 
ination of EEG characteristics in the clinical sense, which would have re- 
quired more complete coverage of the frontal and temporal areas. 


In addition to the Skylab data, computer analyses were also performed 
on the tape-recorded EEG data obtained from the Scientist Pilot (SPT) of the 
SMEAT. This study (6) duplicated, under 1-g conditions, the features of a 
typical Skylab mission and thus provided a control for some of the variables 
associated with actual space flight. 

3.3.2. Selection of Data for Analysis 

The following table summarizes the basic data available for analysis. 
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Number of Nights 


Flight 

Subject 

Preflight 

Inflight 

PostfV 

28-day Skylab 

J.K. 

3 

2 

3 

59-day Skylab 

O.G. 

3 

12 

3 

84-day Skylab 

E.G. 

3 

18 

3 

56-day SMEAT 

W.T. 

2 

16 

3 


The graphic records corresponding to these recordings, each comprising an 
all-night monitoring session, were examined visually in order to select clear- 
cut, typical, and artifact-free samples for detailed computer analysis. From 
each record, an attempt was made to select one 60-sec sample during each of 
the following states of consciousness: 

(1) Awake . This sample was identified from the presleep period of each 
recording session, i.e., between the time the subject donned the recording cap 
and began the recording session and the first appearance of drowsiness. The 
awake state is typically characterized by 8-12 Hz alpha activity and/or low-, 
amplitude, mixed-frequency activity. Some low-voltage 18-22 Hz rhythmic activity 
may be present as well. Care was taken to avoid taking samples from sections 
showing signs of drowsiness (e.a., increased amounts of theta activity {4-7 Hz}, 
decreased voltage of alpha, or slow, rolling movements of the eyes {as noted 

in the E06 channel}). 

(2) Stage 2 Sleep . This stage of light sleep is characterized by a some- 
what random frequency, low-amplitude, background activity, upon which bursts 
(spindles) of 12-14 Hz rhythmic activity and/or relatively high voltage transient 
forms exceeding 0.5 sec in duration (K-complexes) are superimposed. Because this 
stage tends to vary somewhat in its appearance in the early morning (after several 
hours of sleep), an attempt was made to select this sample from the first half of 
the monitoring session. 

(3) Stage 3 Sleep . This stage is usually considered to be a form of deep 
sleep and is characterized by the occurrence of fairly high amplitude (>75 yV) 
activity of 2 Hz or slower, which is present between 20 and 50% of the time, 
superimposed upon a background otherwise basically similar to that of stage 2. 

(4) Stage REM Sleep . This stage is highly correlated with dreaming and 
is characterized by relatively low amplitude EEG signals of a somewhat lower 
frequency (5-7 Hz) than the awake state. It is accompanied by- rapid and 
sporadic bursts of eye movements, as detected in the EOG. 

Stages 1 and 4 were not included in the sampling scheme after initial 
attempts showed that because of their transient nature, reliable selection of 
samples of adequate length was not always possible. 

In a few instances it was not possible to find a suitable 60-sec sample 
of a particular stage on a particular night. In such cases, a shorter sample 
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(30 sec) was located, if possible, and the results were subsequently normalized. 
3.3.3. Data-Analysis Techniques 

3. 3. 3.1. Analog Tape Recordings . As a part of the Skylab Ml 33 experiment, 
the original analog tapes from each flight and from the SMEAT simulation had 
been reproduced in graphic form, on a conventional EEG machine, to facilitate 
human evaluation of sleep characteristics. Each tape contained data in the 
following format: 

EEG 2 redundant channels 

EOG (eye motion), 1 channel 
Head movement (accelerometer), 1 channel 
10-Hz tape-speed reference signal , 1 channel 

At the time these tapes were reproduced, dubbed copies were made on standard 
IRIG-compatible magnetic tape recorders in order to facilitate later analysis. 

In addition to the original data channels, an arbitrary time-code signal (hours, 
minutes, seconds) was simultaneously recorded on an additional channel of the 
dubbed tape and on the graphic recording. This provided a means whereby the 
samples selected visually could be precisely located on tape for computer pro- 
cessing. These dubbed copies of the original flight tapes were utilized in the 
current study. The data quality was double-checked at the time of analysis by 
the production of a second graphic recording, which was then compared visually 
to the original tracing made earlier during playback of the actual flight tapes. 

3.3 .3.?. EFG quantification , The general methodology utilized for EEG 
quantification is based upon a system (wavelength-amplitude profile analysis) 
developed in this laboratory (7-10). The technique considers both frequency 
(wavelength) and amplitude (peak-to-peak) and is designed to automate a number 
of the steps used in conventional visual analysis of EEGs. Evaluation of this 
system has shown a high degree of correlation with certain aspects of human 
EEG analysis, but it has also permitted more precise quantification of several 
aspects of the EEG wave-form. 

The EEG sample was initially subjected to analog band-pass filtering in 
order to restrict the range of frequencies considered by each subsequent stage 
of computer analysis. Four ranges were utilized in this study, and the charac- 
teristics are as follows: 


Band 

Low Cutoff 
-3 dB 

High Cutoff 
-3 dB 

Beta 

13.0 Hz 

40.0 Hz 

Alpha 

6.0 Hz 

14.0 Hz 

Theta 

3.0 Hz 

7.0 Hz 

Delta 

0.5 Hz 

4.0 Hz 


These ranges correspond, in an approximate manner, with ranges commonly 
used in clinical electroencephalography. 
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The output of each frequency band was next processed by a PDP-12 computer, 
programmed to provide a wavelength-amplitude profile analysis (10). Consecutive 
EEG waves are initially defined by a baseline-cross method, then sorted into 
60 discrete wavelength categories within the particular frequency band. The 
approximate passband limits for each band are as follows: 


Band 

Digital Range 

Beta 

25-77 msec 

A1 pha 

56-173 msec 

Theta 

136-370 msec 

Delta 

250-2000 msec 


The PDP-12 program determines the number of waves that fall into each of 
the 60 wavelength categories for each analysis run (beta, alpha, theta, and 
delta). Thus, 60 categories exist for beta, 60 for alpha, etc. Similarly, the 
summated peak-to-peak amplitudes of all of the waves falling into each of the 60 
wavelength categories of each analysis range are calculated and accumulated. 
Consequently, for each frequency band of the EEG sample, two distributions are 
generated: one showing the number of waves falling into various wavelength 

categories (wavelength versus number of waves), the other showing total peak- 
to-peak amplitude in each wavelength category (wavelength versus peak-to-peak 
amplitude). This latter distribution is then normalized by dividing the values 
"in uadi wavelength category by the total number of waves in that same category. 
The normalized distribution thus shows the wavelength versus mean (average) peak- 
to-peak amplitude. 

After the above basic analysis has been performed on a selected EEG sample, 
additional PDP-12 programs automatically generate the following parameters from 
the two distributions. 

(1) Wavelength versus number of waves distribution 
*(a) Modal wavelength value 

(b) Median wavelength value 
*(c) Mean wavelength value 

*(d) Variance and standard deviation of the distribution 

(e) Interquartile range of the distribution 
*(f) Number of waves detected at modal wavelength (wave count a>. mode) 
*(g) Total number of waves detected per minute 

(2) Mean peak-to-peak amplitude versus wavelength distribution 

(a) Summated peak-to-peak amplitude (over all 60 wavelengths) 

*(b) Average wave amplitude (across all wavelengths) 

*(c) Wavelength of waves with largest mean amplitude 

(d) Largest mean amplitude value in any wavelength category 

(e) Wavelength at mean amplitude value 

(f) Interquartile range of distribution 

(g) Variance and standard deviation of distribution 


♦Utilized in this study 



Although all of the above parameters were automatically computed for each 
sample in all four frequency bands, and thus were available for consideration, 
seven parameters were selected for use in this study (marked by an asterisk 
in above list). These measures have proved to be the most useful in prior 
evaluations of the analysis system and appear to offer a comprehensive and 
quantitative profile of the EEG background activity characteristics. These 
seven parameters are described in more detail below. 

3. 3. 3. 2.1. Modal wavelength value (modal frequency ). This measure 
was converted to its reciprocal, the modal frequency, since most conventional 
EEG terminology is based upon frequency rather than wavelength. As the modal 
value of the wavelength versus number of waves distribution, it indicates which 
specific frequency component of the range under consideration predominated dur- 
ing the sample time interval. 


3. 3, 3. 2. 2. Mean wavelength value (mean frequency ) . The mean wave- 
length (or its reciprocal, the mean frequency) is the best overall indicator 
of the frequency characteristics of the sample. It is simply the average of 
all the individual wavelengths (or their reciprocals), compiled over the ob- 
servation time. 


3. 3.3.2. 3. Variance or standard deviation of the wavelength versus 
number of waves distribution (wavelength standard deviation ). This measure 
provides a convenient assessment of the amount of dispersion, or spread, of 
individual wavelength values. A high value indicates a relatively poorly 
sustained or irregular type of EEG activity, while a low value usually signifiei 
a well -developed, rhythmic tracing. When used together with the mean and modal 
values, above, an overall estimation of .the distribution is obtained. 


3. 3. 3. 2. 4. Number of waves detected at modal wavelength (wave count 
at mode ). This value indicates the actual number of times the modal frequency 
value occurred during the sample interval. 


3. 3. 3. 2,5. Total number of waves detected per minute (number of 
waves per 60 sec ). This measure is a tally of the total number of waves’ whose 
wavelengths fall within the frequency band under consideration. It thus pro- 
vides another measure of the constancy of activity and, together with the wave 
count at mode parameter, provides an indication of the distribution of the ac- 
tivity across the frequency spectrum. 


3. 3. 3 .2. 6. Average wave amplitude . This parameter is computed by 
summing all individual peak-to-peak amplitude values for all waves detected in 
the frequency band and dividing this number by the total number of waves de- 
tected. It is the best overall indication of the EEG amplitude within a 
particular frequency band. 

3.3. 3. 2. 7. Wavelength (frequency) of waves with largest mean ampli- 
tude (frequency with LMA ). The program first determines which of the wave! ength 
categories contains the greatest mean amplitude value by scanning across the 
mean peak-to-peak amplitude versus wavelength distribution. This category is 
then converted to frequency by calculation of the reciprocal. This measure 
provides a quick indication of the presence of sporadic bursts of activity of 
relatively high amplitude which might not be reflected in the average value. 
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3.3.4. Time Error Correction 

It was recognized, prior to Skylab, that certain errors in analysis could 
be produced by variations in tape speed of the onboard analog recorders utilized 
for preservation of the EE6 signals. Thus, for example, a recorder operating 
too slowly would lead to erroneously elevated estimates of EEG frequency when 
the tape was replayed at normal speed, while increased speed of the onboard re- 
corder would lead to lowering of the apparent EEG frequency. Consequently, a 
stable, 10-Hz reference frequency was built into the Ml 33 apparatus, and this 
signal was constantly recorded on the onboard recorder, along with the EEG 
signal (see Section 3. 3. 3.1.). This 10-Hz signal was subsequently processed 
by the PDP-12 computer program, which detected deviations caused by speed 
variations and provided a correction factor to be applied to the corresponding 
EEG sample. This compensation process was carried out during processing of 
each of the samples selected for analysis, and all of the data presented in 
this report has been so corrected. 

3.3.5. Statistical Treatment of the Data 

In the initial statistical evaluation of the results, each subject was 
considered individually. This approach was taken because there was no reason 
to believe, a priori, that all individuals would respond in the same way to 
the weightless environment and because EEG characteristics tend to be some- 
what individualized and are best considered as changes from pre-existing levels 
rather than as absolute values. Consequently, for each subject, the various 
parameters (Section 3.3.2.) wore grouped into preflight (baseline), inflight, 
and postf light categories. Between-group comparisons were then performed 
(e.g., preflight versus inflight, preflight versus postflight), using a non- 
parametric statistical test (the Mann-Whitney U). This procedure provided an 
indication, for each subject, of whether a particular parameter showed a sig- 
nificant change during the inflight and postflight periods, compared to the 
individual's preflight baseline studies. In order to establish trends and to 
facilitate across-subject comparisons, inflight or postflight average values 
that differed by more than 5 % from the preflight mean were also identified and 
considered in the discussions, even though they did not necessarily achieve 
statistical significance (such results are labeled ">5%, n.s."; see Section 
3.4.). 

Five of the computer-output parameters (mean frequency, modal frequency, 
wavelength standard deviation, average amplitude, and number of waves per 
minute) were also plotted graphically versus time for each of the four con- 
ditions (awake and stages 2, 3, and REM) in each of the four frequency bands 
(alpha, beta, theta, and delta). 

Finally, across-subject comparisons were made, using the basic statistical 
results obtained in the individual comparisons. In this way, certain altera- 
tions common to all or several of the Skylab crew members could be identified 
and compared with the results of the SMEAT study. 
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3.4. RESULTS 


3.4.1. The Awake State 


Awake samples were obtained from the presleep period of each recording 
session. In selecting the periods for computer analysis, care was taken to 
exclude sections showing obvious artifact (e.g., caused by movement) or signs 
of drowsiness (loss of alpha rhythm; slow, rolling eye movements). Preference 
v/as given to times showing relatively high amplitude and continuous alpha ac- 
tivity and lack of rapid eye movements. Such samples are usually associated 
with the eyes-closed, alert (but relaxed) state. 


An overall summary of selected average values for each subject during 
each of the test conditions (preflight, inflight, and postflight) is shown 
in Table I. Inflight and postflight values which differed significantly from 
the preflight mean, based on application of the Mann-Whitney U nonparametric 
statistical test, are identified by asterisks (* = £<0.10; ** = £<0.05; *** = 
£<0.01). The individual daily values for all seven computer-output parameters 
are listed in Appendix A, Tables A1 through A16. Individual daily values for 
selected parameters (mean frequency, modal frequency, wavelength standard 
deviation, average amplitude, and number of waves per minute) are also plotted 
graphically in Figs. 1 through 16. 

3. 4.1.1. Beta Frequency Range, Awake State (Table I) 


3. 4. 1.1.1. 28-day flight, subject J.K. (Fig. 1; Table A! ) . Because 
of mechanical problems associated with the onboard analog tape recorder (5), 
only two inflight days were available for analysis (days 5 and 6), As indicated 
in Table I, two parameters were altered significantly inflight (jkO.IO): The ' 

mean frequency of the beta activity decreased slightly (0.7 Hz), and the number 
of waves detected per minute increased (by 94 waves/mi n, or a 27.5% increase). 
The Table I values also indicate an inflight and postflight increase of average 
amplitude and a postflight increase of modal frequency. Although these differ- 
ences exceeded 5% of the preflight values, they did not achieve statistical 
significance. 


3. 4. 1.1. 2. 59-day flight, subject O.G. (Fig. 2; Table A2 ). There was 
a significant elevation of the number of waves per 60 seconds during the inflight 
period (27.3% increase; £<0.05) and then a significant decrease to below preflight 
levels in the postflight period (33.5% decrease; £<0.05). Although not signifi- 
cant, the averages also reflect an increase in amplitude, both inflight and post- 
flight, which exceeded 5% of the preflight value. 

3. 4. 1.1. 3. 84-da,y flight, subject E.G. (Fig. 3; Table A3 ). There was 
a significant increase of average amplitude inflight (40% increase; £<0.01 ), with 
a continued elevation postflight (21%, but not significant). The number of waves 
per minute was significantly elevated, both inflight (188% increase; £<0. 01 ) and 
postflight (143% increase; £<0.10). The modal frequency was low inflight (>5%), 
but the difference was not significant. 

3. 4. 1.1. 4. SMEAT. subject W.T. (Fig. 4; Table A4 ). The mean frequency 
was decreased both inflight (0.8 Hz decrease; £<0.05) and postflight (0.5 Hz 
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decrease; £<0.10). The number of waves per minute was decreased postflight 
(58% decrease; £<0.10), with a similar tendency inflight (>5%, n.s.)that was 
not, however, statistically significant. The average amplitude also showed 
a decrease both inflight and postflight (>5%, n.s.). Similar, nonsignificant 
changes were observed in the modal frequency, which was elevated inflight and 
postflight. 

3. 4. 1.2. Alpha Frequency Range, Awake State (Table I ) 

3. 4. 1.2.1. 28-day flight, subject J.K. (Fig. 5; Table A5) . A1 - 

though no parameters exhibited statistically significant changes either in- 
flight or postflight, several of the measures indicated in Table I showed 
alterations exceeding 5% of the preflight mean: Inflight, the modal frequency 

increased, while the average amplitude and number of waves per minute de- 
creased; postflight, the average amplitude and number of waves per minute in- 
creased, while the modal frequency decreased. 

3. 4.1. 2. 2. 59-day flight, subject O.G. (Fig. 6; Table A6 ) . The 
mean frequency increased significantly inflight, rising 0.3 Hz' (from 7.3 Hz 
preflight to 7.6 Hz inflight) (£<0.05). The average amplitude was elevated 
inflight (>5%, n.s.) and postflight (38% increase; £<0.10). 

3. 4. 1.2. 3. 84-day flight, subject E.G. (Fig. 7; Table A7 ) . There 

was a clear-cut and significant increase in the mean frequency (0.6 Hz in- 
crease; £<0.05) and in the modal frequency (0.8 Hz increase; £<0.10). Several' 
parameters deviated from the preflight mean by more than 5% but were not 
statistically significant: The number of waves per^minute increased slightly 

inflight and postflight, as did the modal frequency postflight. In addition, 
postflight, there was a small reduction in the average amplitude. 

3. 4. 1.2. 4. SMEAT, subject W.T. (Fig. 8; Table A8 ). The modal fre- 
quency was increased significantly inflight (0.3 Hz increase; £<0.05). Other 
changes (>5%, n.s.) included an inflight and postflight decrease of average 
amplitude and a postflight increase in number of waves per minute. 

3. 4. 1.3. Theta Frequency Range, Awake State (Table I) 

3. 4. 1.3.1. 28-day flight, subject J.K. (Fig, 9; Table A9 ). The mean 
frequency decreased by 0.2 Hz i nf light (£<0.10'),’ whi'le the modal frequency 
decreased postflight by 0.2 Hz (jd<0 . 10). The number of waves per minute was 
increased both inflight (>5%, n.s.) and postflight (£<0.10). There was a slight 
increase of average amplitude (>5%, n.s.), inflight and postflight. 

3. 4. 1.3. 2. 59-day flight, subject O.G. (Fig. 10; Table A10 ). There 

were no statistically significant changes, inflight or postflight. Several 
parameters varied more than 5% from the preflight averages but were not signifi- 
cant: The average amplitude and modal frequency values were decreased inflight 

and postflight, while the number of waves per minute showed a slight increase 
inflight. 

3. 4. 1.3. 3. 84-day flight, subject E.G. (Fig. 11; Table All ) . The 
number of waves per minute increased significantly inflight (20.6% increase; 
£<0.10) and showed a similar, but nonsignificant, trend postflight. The modal 
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frequency decreased slightly inflight (0.4 Hz decrease; >5%, n.s.) and more 
so postflight (1.3 Hz decrease; £<0.05). The average amplitude decreased 
somewhat (> 5 %, n.s.), both inflight and postflight. 

3. 4. 1.3. 4. SMEAT, subject W.T. (Fig. 12; Table A12) . 'None of the 
parameters were altered significantly, inflight or postflight. There was a 
nonsignificant (but >5%) increase in the number of waves per minute detected 
inflight, and the average amplitude decreased somewhat both inflight and post- 
flight (>5%, n.s.). 

3. 4. 1.4. Delta Frequency Range, Awake State (Table I ) 


3 . 4. 1.4.1. 28-day flight, subject J.K. (Fig. 13; Table A13 ) . The 
number of waves per minute was significantly' increased inflight (42.5% increase 
£<0.10) and slowly declined postflight (>5%, n.s.). Although not significant, 
the average amplitude increased inflight and remained slightly elevated post r 
flight. The mean frequency was decreased both inflight and postflight (>5%, 
n.s.), as was the modal frequency inflight. 


3. 4. 1.4. 2. 59-da.y flight, subject O.G. (Fig. 14; Table A14 ) . The 

mean frequency was si ightly increased infl ight (>5%, n.s.) and significantly 
so postflight (0.2 Hz change; £<0.10). The number of waves per minute tended 
to increase inflight (>5%, n.s.) and was consistently elevated postflight 
(25.8% increase; £<0.10). There was also a small drop in average amplitude 
postfl ight (>5%, n.s. ) . 


3. 4 .1.4. 3. 84 -day flight, subject 
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flight, there was an increase in the number of waves per minute 
increase; £<0.10), while postflight this parameter was slightly below the pre 
flight value (>5%, n.s.). The modal frequency was increased somewhat both in 
flight and postflight (>5%, n.s.). There was a small (>5%, n.s.) decrease of 
the average amplitude during the inflight period. 


3. 4. 1.4. 4. SMEAT, subject W.T. (Fig. 16; Table A16 ). There were 
significant decreases in both the mean frequency (0.3 Hz decrease; £<0.O?) and 
the modal frequency (1.3 Hz decrease; £<0.05) inflight. Postflight, the mean 
frequency continued to be significantly decreased (0.3 Hz decrease; p<0.10) 
and the modal frequency slightly so (>5%, n.s.). There were slight (>5%, n.s.) 
decreases in average amplitude and increases in the number of waves per minute, 
both inflight and postflight. 

3.4.2. Stage REM Sleep 

Samples showing unambiguous EEG characteristics of stage REM were selected 
visually for computer analysis from each sleeping record. Table II provides a 
summary of the average preflight, inflight, and postflight results for each of 
the subjects in each frequency range. The format of Table II .is identical to 
that of Table I with respect to the statistical treatment. Individual daily 
values for each parameter are listed in Appendix A, Tables A17 through A32. 
Selected measurements are plotted graphically in Figs. 17 through 32. 


3.4.2. 1. Beta Frequency Range, Stage REM Sleep (Table II) 


3. 4. 2. 1.1. 28-day flight, subject J.K. (Fig. 17; Table A17 ) . A 
suitable sample could be obtained on only one of the two inflight days avail- 
able. The mean frequency was relatively low inflight (>5%, n.s.) and signifi- 
cantly so postflight (0.8 Hz decrease; p< 0.10). The number of waves detected 
per minute was also quite low inflight (>5%, n.s.) and remained so postflight 
(41 .4% decrease; £<0.05). Nonsignificant (>5%, n.s.) lowering of the modal 
frequency was also noted both inflight and postflight. 

3.4. 2. 1.2. 59-da,y flight, subject O.G. (Fig. 18; Table A18 ) . The 
modal frequency showed a significant increase inflight (3.2 Hz increase; £<0.05), 
and the average remained elevated postflight (>5%, n.s.). There was also a 
slight decrease in the number of waves per minute in the postflight period 
(>5%, n.s.), 

3. 4.2.1. 3. 84-day flight, subject E.G. (Fig. 19; Table A19 ) . The 
average amplitude was significantly elevated inflight (47 .'4% increase; £<0.01 ) 
and continued to be elevated postflight (23.0% increase; £<0.05). The mean 
frequency increased by 0.6 Hz inflight (£<0.05) and returned to baseline post- 
flight. A similar trend was seen in the modal frequency, with some elevation 
inflight (>5%, n.s.) and a significant increase postflight (6.5 Hz increase; 

f <0.05). There was a marked increase in the number of waves per minute inflight 
147% increase; £<0.01 ), which continued postflight (77.8% increase; £<0.05) but 
with a downward trend. 

3. 4. 2. 1.4, SMEAT, subject W.T. (Fig. 20; Table A20 ). Inflight, the 
modal frequency was 3.8 Hz lower than the preflight average (£<0.10), and it 
continued to be low in the postflight period (1.4 Hz decrease; £< 0.10). The 
number of waves per minute was decreased both inflight (32.6% decrease; £<0. 10) 
and postflight (52.0% decrease; £<0.10). The average amplitude was somewhat 
decreased inflight and postflight (>5%, n.s.), compared to the preflight aver- 
age. 

3. 4. 2. 2. Alpha Frequency Range, Stage REM Sleep (Table II ) 

3. 4. 2.2.1. 28-day flight, subject J.K. (Fig. 21; Table A21 ) . There 
were no statistically significant inflight or postflight changes in any param- 
eter. The modal frequency average value was slightly higher postflight than 
preflight (>5%, n.s. ), but all values were within the preflight range, 

3. 4. 2. 2. 2. 59-da,y flight, subject O.G. (Fig. 22, Table A22 ) . There 

were no significant changes in this category. The average amplitude showed a 
slight (>5%, n.s.), but nonsignificant, increase inflight. 

3,4.2. 2. 3, 84-day flight, subject E.G. (Fig. 23, Table A23 ), The 
average amplitude increased by 18.3% inflight (p<0.05), then became slightly 
decreased below preflight average in the postflight period (>5%, n.s. ). The 
modal frequency was elevated inflight (1.5 Hz increase; £<0.05) and continued 
to be increased postflight (1.6 Hz increase; £<0.10). The mean frequency was 
0.1 Hz lower postflight (£<0.10). There was a clear-cut increase in the number 
of waves per minute inflight (33.2% increase; £<0.01 ), followed by a slight 
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decrease below preflight values in the recovery period (>5%, n.s.). 

3. 4. 2. 2.4. SMEAT, subject W.T. (Fig. 24; Table A24 ). The mean fre- 
quency decreased inflight by 0,3 Hz (£<0.05) and remained low postflight (0.5 Hz 
decrease; £<0.10). The modal frequency showed a similar trend (inflight >5%, n.s.; 
postflight, 1.7 Hz decrease; £<0.10). There were nonsignificant decreases (>5%, 
n.s.) in average amplitude and number of waves per minute in both the inflight 
and postflight periods. 

3. 4. 2. 3. Theta Frequency Range, Stage REM Sleep (Table II ) 

3.4. 2. 3.1. 28-day flight, subject J.K. (Fig. 25; Table A25 ) . Aver- 
age amplitude was increased inflight (>5%,' n.s. ) and postfl ight (1 .0 Hz increase; 
£<0.05). The modal frequency showed an increase inflight (>5%, n.s.), while the 
number of waves per minute increased postflight (>5%, n.s.). 

3. 4. 2. 3. 2. 59-da,v flight, subject O.G. (Fig. 26; Table A26 ) . There 
was a significant drop in modal frequency "both" inflight (0.9 Hz decrease; 

£<0.05) and postflight (0.8 Hz decrease; £<0.05). Average amplitude decreased 
slightly postflight (>5%, n.s.). 

3. 4. 2. 3. 3. 84-day flight, subject E.G. (Fig. 27; Table A27 ). An in- 
crease of average amplitude was seen inflight (15.3% increase; £<0.05), while 
postflight a drop to below baseline occurred (19.5% decrease; £<0.10). There 
was a 0.3 Hz decrease of mean frequency in the postflight period (£<0.05), 
while modal frequency increased slightly inflight (>5%, n.s.) and decreased 
postfl ight (>5%, n.s.). The number of waves per minute was slightly elevated 
inflight (>5%, n.s.) and significantly decreased postflight (22.6% decrease; 
£< 0 . 10 ). 

3. 4.2. 3. 4. SMEAT, subject W.T. (Fig. 28; Table A28 ). There were no 
statistically significant changes in this category. Average amplitude and modal 
frequency were slightly decreased in the inflight and postflight periods (>5%, 
n.s.). The number of waves per minute dropped in the postflight period (>5%, n.s.). 

3.4. 2.4, Delta Frequency Range, Stage REM Sleep (Table II ) 

3. 4. 2. 4.1. 28-da,y flight, subject J.K. (Fig. 29; Table A29 ) . Com- 
pared to the preflight average, the mean frequency was elevated by 0.1 Hz post- 
flight (£<0.10). The average amplitude value was high inflight and postflight 
(>5%, n.s.). Modal frequency was slightly decreased inflight and postflight 
(>5%, n.s.), while the number of waves per minute was increased inflight (>5%, 
n.s.). Postflight, the number of waves decreased to somewhat below baseline 
(>5%, n.s. ). 

3. 4. 2.4. 2. 59-da,y flight, subject O.G. (Fig. 30; Table A30 ) . The 
average amplitude was significantly decreased in the postflight period (.16.2% 
decrease; £<0.1 0). The modal frequency was slightly increased inflight (>5%, 
n.s.), while the mean frequency was decreased postflight (>5%, n.s.). 

3. 4. 2. 4. 3. 84-day flight, subject E.G. (Fig. 31; Table A31 ) . Aver- 
age amplitude increased inflight (>5%, n.s.), then dropped significantly post- 
flight (17.6% decrease; p<0 .10). The modal frequency was slightly decreased 
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inflight and postflight (>5%, n.s.), as was the number of waves per minute 
postflight (>5%, n.s.). 

3.4. 2.4.4. SMEAT, subject W.T. (Fig. 32; Table A32 ). There were 
no significant changes associated with the inflight or postflight period. 

The average amplitude, mean frequency, and number of waves per minute all 
showed slight decreases postflight (>5%, n.s.). 

3.4.3. Stage 2 Sleep 

Samples of stage 2 sleep were selected from each all-night recording. 

Table III is a summary of the computer-analysis results obtained from all 
subjects and is similar in format to Table I. Individual daily values of each 
measurement are listed in Appendix A, Tables A33 through A48. Graphic plots of 
selected parameters are presented in Figs. 33 through 48. 

3. 4. 3.1. Beta Frequency Range, Stage 2 Sleep (Table III ) 

3. 4. 3. 1.1. 28-day flight, subject J.K. (Fig. 33; Table A33 ) . The 
single modal frequency value inflight was relatively low (>5%, n.s.), while the 
number of waves per minute was decreased both inflight and postflight (>5%, n.s.) 

3. 4. 3. 1.2. 59-day flight, subject O.G. (Fig. 34; Table A34 ) . The 
mean frequency was decreased' postflight (0.6 Hz decrease; £<0.10), as was the 
modal frequency (2.2 Hz decrease; £<0.10). There was an elevation of the 
number of waves per minute inflight (>5%, n.s.) and postflight. (>5%, n.s.). 

3. 4. 3.1. 3. 84-day flight, subject E.G. (Fig. 35; Table A35 ) . There 
was a clear increase of average amplitude inflight (34.'9% increase; £<0.01 ), 
which persisted postflight to a lesser extent (19.8% increase; £<0.05). There 
was an inflight increase of mean frequency (0.9 Hz increase; £<0.05) and a 
similar trend (nonsignificant) in the modal frequency in the early inflight 
period, although this was not reflected in the average values. The number of 
waves per minute increased markedly inflight (134% increase; £<0.01) and re- 
mained elevated postflight (50.3% increase; £<0.10), although there was a rapid 
decline evident in the plot of this parameter (Fig. 35) in the recovery period. 

3. 4. 3. 1.4. SMEAT, subjec * W.T. (Fig. 36; Table A36) . Pos tfli g h t , 
there was a significant decrease of :he mean frequency (1.2 Hz decrease; 

£<0.10). There was also an inflight and postflight reduction of average ampli- 
tude (>5%, n.s.) and a similar, nonsignificant, decrease in the number of waves 
per minute (>5%, n.s. ). 

3. 4. 3. 2. Alpha Frequency Range, Stage 2 Sleep (Table III ) 

3. 4. 3. 2.1. 28-da.y flight, subject J.K. (Fig. 37; Table A37) . Although 
there were no significant changes in this category, the averages reflect a slight 
increase of average amplitude inflight (>5%, n.s.) and an increase in the number 
of waves per minute postflight (>5%, n.s.). 

3. 4. 3. 2. 2. 59-day flight, subject O.G. (Fig. 38; Table A38) . The 
mean frequency showed a significant drop postflight (6.2 Hz decrease; £<0.1 0). 

The average amplitude decreased slightly inflight and postflight (>5%, n.s.). 
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while the number of waves per minute declined inflight (>5%, n.s,). 

3.4.3. 2. 3. 84- day flight, subject E.G. (Fig. 39; Table A39 ). A 
fairly marked increase of the average amplitude was seen inflight (23.5% 
increase; £<0.05) and, to a lesser extent, postflight (8.4% increase; £<0.05). 

A parallel increase in the number of waves per minute occurred (inflight, 33% 
increase, £<0.05; postflight, 20.9% increase, £<0. 10). A less obvious increase 
of the modal frequency was noted inflight (>5%, n.s.) and postflight (0.9 Hz 
increase, £<0.10). 

3.4. 3. 2. 4. SMEAT, subject W.T. (Fig. 40; Table A40) . The mean 
frequency decreased inflight by 0.4 Hz (£<0.05), while the modal frequency 
decreased both inflight (>5%, n.s.) and postflight (>5%, n.s.). Average 
amplitude and number of waves per minute both decreased (>5%, n.s.), inflight 
and postflight. 

3.4. 3.3. Theta Frequency Range, Stage 2 Sleep (Table III ) 

3. 4. 3. 3.1. 28-day flight, subject J.K. (Fig. 41; Table A41 ) . The 
average values reflect an increase in the modal frequency inflight (>5%, n.s.) 
and postflight (0.5 Hz increase; £<0.10) and a postflight increase of 0.2 Hz 
(£<0.05) in the mean frequency. The average amplitude was somewhat elevated 
inflight (>5%, n.s.), as was the number of waves per minute both inflight and 
postflight (>5%, n.s.). 

3. 4.3. 3. 2. 59-day flight, subject O.G. (Fig. 42; Table A42 ) . A s i g - 
nificant drop in the number of waves per minute parameter was seen inflight 
(13.4% decrease; £<0.05) and postflight (14.5% decrease; £<0.10). The modal 
frequency increased slightly inflight (>5%, n.s.), then decreased below the 
preflight value, postflight (>5%, n.s.). 

3. 4. 3. 3.3. 84-day flight, subject E.G. (Fig. 43; Table A43 ). No 
statistically significant changes were noted. There was an increase in the 
average amplitude inflight (>5%, n.s.), and the modal frequency and number of 
waves per minute measures declined postflight (>5%, n.s.). 

3. 4. 3. 3. 4. SMEAT, subject W.T. (Fig. 44; Table A44 ). The mean and 
modal frequencies were low in the postfl ight period (mean, 0.1 Hz decrease, 
£<0.10; mode, 0.9 Hz decrease, £<0.10), The average amplitude showed a slight 
rise inflight (>5%, n.s.), then fell below the preflight average, postflight 
(>5%, n.s.). The number of waves per minute fell inflight (>5%, n.s.) and 
postflight (11.6% decline, £<0. 10). 

3. 4. 3. 4. Delta Frequency Range, Stage 2 Sleep (Table III ) 

3. 4. 3. 4.1. 28-da,y flight, subject J.K. (Fig. 45; Table A45 ) . ' The 

mean frequency increased slightly postflight (0.1 Hz increase; jkO. 10), while 
the modal frequency was increased both inflight (>5%, n.s.) and postflight 
(>5%, n.s.). The number of waves per minute also showed an inflight and post- 
flight increase (>5%, n.s.), and the average amplitude increased inflight 
(>5%, n.s.) and decreased postflight (>5%, n.s.). 
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3. 4. 3. 4. 2. 59-day flight, subject O.G. (Fig. 46; Table A46) . In- 
flight, the average amplitude was elevated' by 13.8% (j><0’.05). Postfl ight, 
there was an increase in the number of waves per minute (9.2% increase; £<0.10). 

3. 4. 3. 4. 3. 84-da,y flight. Subject E.6. (Fig. 47; Table A47 ) . There 
were no statistically significant alterations in this category. The average 
amplitude was increased slightly inflight and postflight (>5%, n.s.). The 
modal frequency and number of waves per minute were increased inflight (>5%, 
n.s.) and decreased postflight (>5%, n.s.). The mean frequency was slightly 
increased inflight (>5%, n.s.). 

3.4. 3.4.4. SMEAT, subject W.T. (Fig. 48; Table A48 ). The number of 
waves per minute was elevated somewhat inflight (2471% increase; £*0.10) and 
remained high postflight (>5%, n.s.). There was a small increase of average 
amplitude inflight (>5%, n.s.) and a postflight decrease of mean frequency 
(>5%, n.s. ). 

3.4.4. Stage 3 Sleep 

As before, samples of stage 3 sleep were visually selected from the all- 
night tracings. The computer-analysis results are summarized in Table IV, which 
is similar in construction to Table I. The individual daily values are listed in 
Appendix A, Tables A49 through A64. The graphic plots of selected parameters are 
contained in Figs, 49 through 64. 

3. 4. 4,1. Beta Frequency Range, Stage 3 Sleep (Table IV ) 

3.4. 4. 1.1. 28-day flight, subject J.K. (Fig. 49; Table A49 ) . The 
number of waves per minute was slightly 'elevated inflight (>5%, n.s.), then 
dropped to below baseline levels, postflight (60.4% decrease; £<0.10). The 
average amplitude was also increased inflight (>5%, n.s.) and decreased post- 
flight (>5%, n.s.). The mean frequency was slightly decreased postflight 
(>5%, n.s. ). 

3. 4. 4. 1.2. 59-da,y flight, subject O.G. (Fig. 50; Table A50 ) . Average 
amplitude decreased inflight (>5%, n.s. ) and continued to be low postfl ight 
(20% decrease ; £<0.1 0). There was a similar pattern in the number of waves per 
minute parameter, with a small inflight reduction (>5%, n.s.) and a more pro- 
nounced postflight decrease (35.8% decrease; £<0.10). The modal frequency 
increased somewhat postflight (1.0 Hz increase; £< 0.10). 

3. 4. 4. 1.3. 84-day flight, subject E.G, (Fig. 51; Table A51 ) . There 
were marked inflight increases of both average amplitude (40.7% increase; £<0.01 ) 
and number of waves per minute (211.2% increase; £<0.01 ), which remained ele- 
vated postflight (average amplitude, 19.8% increase, £<0.05; number of waves 

per minute, 150% increase, £<0.05), although a downward trend was evident. The 
mean frequency was also significantly elevated inflight (0.9 Hz increase; £<0.05) 

3. 4. 4.1. 4. SMEAT, subject W.T. (Fig. 52; Table A52 ). Inflight, the 
mean frequency declined (1.1 Hz decrease; £<0.05), and it remained depressed in 
the postflight period (1.6 Hz decrease; £<0 .10). Modal frequency and number of 
waves per minute likewise showed a slight decrease, both inflight and postflight 
(>5%, n.s.). The average amplitude parameter declined inflight (>5%, n.s.) and 
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dropped still further postflight (30.4% decrease; £<0.10). 

3.4. 4. 2. Alpha Frequency Range, Stage 3 Sleep (Table IV ) 

3. 4. 4. 2.1. 28-day flight, subject JX (Fig. 53; Table A53 ). The 
average amplitude showed a significant increase during the inflight period 
(36.9% increase; jxO.lO), 

3. 4. 4. 2. 2. 59-da,y flight, subject 0.6. (Fig. 54; Table A54 ) . The 
average amplitude showed a decline inflight (7.6% decrease; jxO.10) , while the 
number of waves per minute increased postflight (8.6% increase; £< 0.10). In 
addition, there was a nonsignificant decrease of modal frequency postflight 
(>5%, n.s.). 


3.4.4. 2. 3. 84-day flight, subject E.G. (Fig. 55; Table A55 ). Several 

measures were elevated inflight: The average amplitude increased 29.3% (£<0.01 ) 

and remained elevated postflight (>5%, n.s.). The mean frequency increased 0.5 Hz 
(£<0.01 ) and was 0.2 Hz above the preflight value in the postflight period (£<0.05) 
The number of waves per minute was elevated by 75.7% (£<0.01 ) and continued high 
postflight (54.3% increase; £<0.05). The modal frequency also showed a slight 
increase, both inflight and postflight (>5%, n.s.). 

3. 4. 4. 2. 4. SMEAT, subject W.T. (Fig. 56; Table A56 ). The mean fre- 
quency was decreased inflight by 0.5 Hz' (£<0.05), while "the" modal frequency was 
elevated by 1.2 Hz (£<0.I0) postflight. The average amplitude and number of 
waves per minute were decreased (>5%, n.s.), both inflight arid postflight. 

3.4.4. 3. Theta Frequency Range, Stage 3 Sleep (Table IV ) 

3. 4. 4. 3.1. 28-day flight, subject J.K. (Fig. 57; Table A57 ). Inflight, 
the modal frequency increased by 1.3 Hz’ (£<0.10')' and continued to be elevated 
postflight (0.9 Hz increase; £<0.10). The average amplitude was also higher 
inflight than preflight (52.9% increase; £<0.10) and was slightly increased post- 
flight (>5%, n.s.). The number of waves per minute increased inflight (>5%, n.s.), 
then dropped to below baseline in the postflight period (>5%, n.s.). 

3. 4. 4. 3. 2. 59-day flight, subject O.G. (Fig. 58; Table A58 ) . The aver- 
age amplitude decreased inflight (8.4% decreaVe; £<0.10) and remained depressed 
postflight (>5%, n.s.). The modal frequency and the number of waves per niinute 
were also somewhat decreased postflight (>5%, n.s.). 

3. 4. 4. 3.3. 84-day flight, subject E.G. (Fig. 59; Table A59 ). Inflight, 
the average amplitude increased by 14.8% (£<0.05), while the number of waves per 
minute increased by 21.4% (£<0.05). The latter measure remained increased post- 
flight (>5%, n.s. ). 

3. 4. 4. 3.4. SMEAT, subject W.T. (Fig, 60; Table A60 ). There were no 
statistically significant alterations in this group of measurements. There was 

a small decrease in the modal frequency, both inflight and postflight (>5%, n.s.), 
and in the mean frequency postflight (>5%, n.s.). In addition, the average am- 
plitude declined postflight (>5%, n.s.). 


16 




- j m — . 


3. 4. 4.4, Delta Frequency Range, Stage 3 Sleep (Table IV ) 

3. 4. 4. 4.1. 28-day flight, subject J.K. (Fig. 61; Table A61 ),. The 
average amplitude increased inflight by 71.4% (£<0. 10) and remained somewhat 
high postflight (>5%, n.s.). There was a slight increase in the mean fre- 
quency inflight (>5%, n.s.) and then a decrease to below baseline in the 
postflight period (>5%, n.s.). The modal frequency was minimally decreased, 
both inflight and postflight (>5%, n.s.). The number of waves per minute 
increased inflight (>5%, n.s.), then declined postflight (>5%, n.s.). 

3. 4. 4. 4. 2. 59-day flight, subject O.G. (Fig. 62; Table A62 ) . The 
only significant finding was an increase of the average amplitude postflight 
(5.4% increase; £<0.10). This parameter was also elevated inflight (>5%, n.s.). 
The mean frequency and the number of waves per minute were decreased inflight 
and postflight (>5%, n.s.). 

3. 4. 4. 4. 3. 84-day flight, subject E.G. (Fig. 63; Table A63 ). In- 
flight, the average amplitude increased significantly (11.9% increase; £<0.05), 
and there were nonsignificant increases of number of waves per minute and modal 
frequency (>5%, n.s.). This latter measure was significantly elevated post- 
flight (1.0 Hz increase; £<0.05). 

3. 4. 4. 4. 4. SMEAT, subject W.T. (Fig. 64; Table A64 ). No findings in 
this category were statistically significant. There was an inflight decrease in 
both the mean and the modal frequency measures (>5%, n.s.), and both remained low 
postflight (>5%, n.s.). The average amplitude increased inflight (>5%, n.s.), and 
the number of waves per minute parameter was elevated inflight and postflight 
•(>5%, n.s.). 


3.5. DISCUSSION 


3.5.1. Interindividual Comparisons 

The incidence of the various alterations in EEG characteristics seen in- 
flight and postflight is shown in Tables V, VII, IX, and XI for those changes 
that were statistically significant (£<0.10) on an individual basis. A similar 
comparison, in which all changes exceeding 5% of the preflight average are in- 
cluded with the statistically significant values, is provided in Tables VI, VIII, 
X, and XII. 

3. 5. 1.1. The Awake State , In the awake state (Tables V and VI), only one 
significant change was seen in all three Skylab astronauts: an inflight increase 

in the number of beta frequency waves. This finding was most pronounced in the 
case of subject E.G. (84-day flight. Fig. 3), where the inflight value rose to 
an average of 481 waves per minute, from a preflight mean of 167 waves per min- 
ute (188% increase). This increase in number of beta frequency waves was 
accompanied by a tendency toward an increased average amplitude in all three 
subjects (Table VI), although this measure was significant in only one flight 
(84-day, subject E.G.). Postflight, the number of waves was back to baseline, 
or below, in two subjects and showed a continued elevation, but with a distinct 
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downward trend, in the third (E.G.). This phenomenon was not present during 
the SMEAT study, and, in fact, this subject showed a reverse tendency, with 
a nonsignificant inflight reduction of both number of waves per minute and 
average amplitude parameters. 

Two astronauts showed significant increases in the mean alpha frequency 
inflight. The third (J.K.), while showing no increase in the mean frequency, 
did have a nonsignificant elevation of the modal frequency parameter. Thus, 
at least one measure of average alpha frequency tended to increase in all 
Skylab subjects. These measures returned to baseline postflight in all three 
subjects. This pattern is best typified in Fig. 7 (E.G., 84-day flight), where 
inflight increases are clear-cut for both the mean and the modal frequency 
parameters. It is possibly of significance that the highest individual values 
tended to occur in the early inflight period, with a secondary increase just 
before the end of the missions. A somewhat similar trend was evident in 
SMEAT, where the modal alpha frequency was significantly elevated inflight 
and returned to baseline postflight. 

In the delta frequency range, two of the Skylab subjects showed small, but 
significant, increases in the number of waves per minute measure, while the 
third exhibited a similar, but nonsignificant, tendency. In two subjects, this 
measure remained elevated postflight. The SMEAT crew member also had a slight 
increase in the number of waves per minute, both inflight and postflight. 
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In the postflight period, there was a small, but significant, decrease in 
•range modal frequency measure in two of the Skylab subjects and a 
similar, but nonsignificant, decrease in the third. This alteration was not 
present in SMEAT. 


The awake state during Skylab was thus typified by inflight increases of 
beta and delta activity (number of waves per minute) and elevation of the 
average alpha frequency. While these measures tended to return to normal post- 
flight, a decline of theta frequency was seen at this time. SMEAT was similar 
only with respect to the inflight increase of alpha frequency and delta amount 
(number of waves per minute). 


3. 5. 1,2. Stage REM Sleep . Although fairly clear-cut alterations were seen 
during stage REM in several individual categories (e.g., see Sections 3. 4. 2. 1.3. 
and 3. 4. 2. 2. 3., above), there were no changes common to all three Skylab sub-' 
jects, even when nonsignificant trends were included (Tables VII and VIII). 

Two subjects (G.G. and E.G.) showed a significant decrease in the average delta 
range amplitude during the postflight period, while the third (J.K. ) showed a 
small increase in this measure. A nonsignificant decrease was also seen in the 
SMEAT subject postflight. 


3. 5. 1.3. Stage 2 Sleep . Although several parameters were markedly changed 
on an individual basis (e.g., subject E.G., Table III), there were no significant 
alterations common to two or more of the Skylab subjects (Table IX). If non- 
significant deviations from the preflight averages are included (Table X), then 
one parameter shows a similar trend in all subjects (including the SMEAT sub- 
ject): There was an inflight increase of average amplitude in the delta fre- 
quency range. This measure was statistically significant only in the case of 
subject O.G. (59-day flight). Two subjects (J.K. and E.G.) showed significant 
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increases in the average theta amplitude inflight, while subject 0.6. had a 
slight decrease. 

3. 5. 1.4. Stage 3 Sleep . Delta activity increased in average amplitude 
during the inflight period in all three Skylab astronauts, although this change 
was statistically significant in only two cases (Tables XI and XII). A similar, 
but nonsignificant, trend was also seen during SMEAT. 

Significant inflight increases in average amplitude were also noted in the 
alpha and theta frequency ranges in two Skylab subjects (J.K. and E.6.), while 
the third subject (O.G.) showed a significant decrease in these parameters. 

In the postflight period, two Skylab subjects (J.K. and O.G.) had signifi- 
cant decreases in the number of beta frequency waves per minute, while the 
other crewman (E.G.) showed a significant increase. The SMEAT subject had a 
nonsignificant decrease in this measure. In addition, two subjects (O.G. and 
E.G.) had postflight increases in the number of alpha frequency waves per min- 
ute, while the SMEAT participant had a nonsignificant decrease. 

3. 5. 1.5. Individual Considerations . It is clear that some of the individ- 
uals showed a great number of changes inflight and postflight, while others 
showed much less variability. Table XIII shows the total number of altered 
parameters for each subject, inflight, postflight, and overall. This Table 
considers a total of 128 measurements for each subject (four EEG parameters x 
four frequency ranges x four sleep/wakefulness categories x two conditions 
{inflight and postflight}). Subject E.G. (84-day flight) showed statistically 
significant changes in 47 of the 128 categories (36.7%), a level that is approxi- 
mately twice that seen in any other subject. When nonsignificant changes or 
trends are included, there is less variation among subjects; however, subject 
O.G. continues to show relatively little variation, compared to the others. 

The most common inflight alterations are summarized in Table XIV, which 
also indicates the way in which these particular individual parameters varied 
during other sleep/wakefulness conditions. Thus, for example, while the number 
of beta waves per minute was significantly elevated inflight in all three Skylab 
subjects when they were awake, during sleep only subject E.G. continued to 
exhibit this finding. The other subjects either showed no significant elevation 
of this parameter or occasionally demonstrated a decrease. A very similar pattern 
was seen for the average amplitude of the beta activity, for the alpha frequency 
measures, and for the number of waves per minute in the delta range. The SMEAT 
subject, on the other hand, had a significant decrease of alpha frequency in- 
flight in all stages of sleep but showed no alteration of this measure in the 
awake state. A somewhat opposite variability across sleep stages is evident in 
the average amplitude measurements in the alpha, theta, and delta frequency 
ranges, with increases most common during sleep - especially during stages 2 and 
3. 

3.5.2. General Discussion 

The results of this study have confirmed the initial observation, based upon 
visual analysis of the Skylab sleep records, that a change in alpha rhythm fre- 
quency occurred during exposure to the inflight environment. The computer analy- 
sis has quantified these changes and has, in addition, revealed several other 
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effects that were not apparent to the eye . Since several of these findings 
were seen in all three subjects, the possibility of explaining these results 
by random variation of individual EEG characteristics over time seems remote. 
Consequently, it seems reasonable to conclude that the conditions imposed by 
long-term space flight have a definite influence upon the central nervous 
system factors responsible for the generation and maintenance of the electro- 
encephalogram. 

Although changes were often statistically significant, in no instance 
were they considered to be abnormal in the clinical sense. Thus, all of the 
inflight and postflight values ware within the range of variation to be ex- 
pected among members of a normal population. In considering the real signifi- 
cance of these findings, the major problem is thus determining which of the 
multitude of environmental factors, was responsible for which EEG alteration 
and whether or not the relationship can be used in further studies of man's 
ability to perform adequately during space flight. It was hoped, for example, 
that such information might suggest new approaches to the space motion sick- 
ness syndrome, in terms of its etiology and prevention. Consequently, in the 
discussion below, the various EEG alterations seen in Skylab are considered 
separately, within the scope of the present state of our knowledge. While truly 
definitive answers will require further observation of subjects during exposure 
to the environment, the data now in hand suggests some logical directions for 
future experimental design. 

3.5.2. 1. Stability of the EEG . Since the data to be considered consists 
of relative shifts of certain EEG parameters within a total range considered to 
be clinically "normal," an overall consideration is the stability of the EEG 
under control (i.e., non-space flight) conditions. In order to assess the mean- 
ing of the experimentally observed changes, we need to know how consistent and 
invariable these same measures are in a normal individual over time. 

Unfortunately, truly quantitative information on this subject is sparse. 

Much of what is known is based upon visual analysis, and results of various 
other studies may not be comparable because of numerous unspecified criteria 
utilized by the investigators. A recent review of this topic (11) makes it 
clear that new quantitative studies are needed. 

With respect to the alpha rhythm, subject E.G. (84-day flight) showed the 
greatest inflight increase of mean frequency (Fig. 7, Table A7). The preflight 
average was 9.2 Hz, with a range of from 8.9 to 9.7 Hz (-0.3 to +0.5 Hz). In 
clinical EEG practice, it is common to consider the alpha rhythm of an individ- 
ual subject, under normal conditions, as a relatively constant phenomenon. 

Thus, variations of more than ±0.5 Hz would be unexpected. Using this criterion, 
the preflight variability for subject E.G. is not unusual. Inflight, however, 
the first value (day 3) is 10.3 Hz, an increase of 1.1 Hz above the preflight 
average and 1.2 Hz greater than the last previous value obtained on baseline 
day 3 (B3). This difference is readily apparent to the eye in samples selected 
from these two days, as illustrated in Fig. 65. Thus, while neither record is 
"abnormal" by clinical criteria, the increase of alpha frequency is clinically 
significant and would lead to the suspicion that some change in the metabolic 
status of the individual had occurred between the two test dates (see below). 
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The stability of EE6 characteristics in the theta, delta, and beta fre- 
quency bands has not been studied as comprehensively as has the alpha range. 

In general, however, in clinical practice, these components are assumed to be 
stable over fairly long periods of time, with approximately the same degree 
of variability as is accepted for the alpha rhythm. With respect to the 
Skylab findings, the alterations in beta frequency components v/ould certainly 
be considered clinically significant in certain instances. Subject E.G., for 
example, had, in the preflight period, an average value of 167 beta waves per 
minute, with a range of 152 to 194 per minute. Inflight, the mean was 481 waves 
per minute, with a range of 249 to 703 per minute. This measure is well outside 
the limits of day-to-day variability typically seen with this activity, and, 
as discussed below, raises the question of possible drug effects on the EEG 
during the inflight period. 


In summary, then, from a clinical point of view, several of the quantita- 
tive alterations in EEG characteristics identified in this study would be con- 
sidered significant when viewed in terms of change with respect to time, even 
though none, taken in- isolation, would be considered abnormal. 


3. 5. 2. 2. Metabolic and Drug-Induced EEG Changes . The EEG is believed to 
arise as a -result of synaptically induced electrical "activity in neuronal popula- 
tions of the cerebral cortex (12). Maintenance of the stability of the various 
EEG rhythms, with respect to both amplitude and frequency, is apparently depen- 
dent upon a complex interplay between the neurons of the cerebral cortex that 
originate the activity and more deeply placed neurons located within the thalamic 
projection nuclei. Relatively random activity from more peripheral areas is 
transmitted to the cortex via the thalamus in discrete bursts, gated by an 
interplay of excitatory and inhibitory groups of interneurons. The frequency of 
a given cortical rhythm, and its apparent amplitude, is consequently dependent 
upon the biochemical (metabolic) factors at the level of the excitatory and in- 
hibitory synaptic junctions within the thalamocortical neuronal network. It is 
not surprising, then, that in addition to alterations in metabolic status that 
occur spontaneously, many drugs are known to produce alterations in the human 
EEG. 


With respect to the alpha rhythm, most pathological states (and most drugs) 
either lower the frequency or leave it unchanged. Conditions causing an absolute 
increase in the alpha frequency, such as were observed during Skylab, are rela- 
tively rare. 


Elevated alpha frequencies have been reported to occur in some deep-sea 
divers during exposure to elevated atmospheric pressures of inspired air (13-15). 
These studies demonstrated that the partial pressure of nitrogen was the crucial 
factor, and its elevation produced the syndrome commonly known as nitrogen 
narcosis (euphoria, mental impairment, incoordination), along with the EEG 
changes. When the partial pressure of oxygen was increased independently, the 
phenomenon did not occur (although other adverse effects were seen). Increased 
alpha frequencies have also been reported to occur in individuals who move to 
high altitudes, where the atmospheric pressure of all components of the inspired 
air is reduced (16). Skylab was associated with a low atmospheric pressure 
(5 p.s.i.) and a pure oxygen environment, in which the partial pressure of O 2 
was essentially identical to normal sea-level conditions. Nitrogen was certainly 
not elevated, and, unlike the high-altitude situation, there was no tendency 
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toward an anoxic state. Thus, it seems unlikely that the alpha alterations 
seen during Skylab were related to the breathing mixture used. The SMEAT 
results, unfortunately, do not provide a conclusive answer to this problem, 
since the alpha changes here were quite similar to those of one of the Skylab 
subjects (J.K. ). 

Elevations of alpha frequency are known to accompany states of increased 
metabolic activity. Hyperthyroidism, for example, is associated with an in- 
crease of alpha frequency (e.g., 17, 18), with the increases roughly propor- 
tional to blood levels of the thyroid hormone. Although there is no direct 
evidence of an increased metabolic state during Skylab, tests made in the 
immediate postflight period did show significant elevations of thyroxine and 
TSH and, sometimes, nonsignificant elevations of the T3 test (19). Thus, 
there is a good possibility that such elevations did occur inflight and there- 
fore may have been contributing factors with respect to the EEG changes seen. 

In the study by Olsen et al . (18), the alpha frequencies of hyperthyroid 
patients (thyroxine average level 21.7, s.d. ±6.5) were increased by 1 to 2 
Hz above their euthyroid levels. This increase is similar in magnitude to the 
inflight increase of average frequency seen in subject E.G. of the 84-day 
flight (Fig. 7). Olsen et al . also reported a concomitant increase of ampli- 
tude and abundance of fast (beta) activjty during times of elevated thyroxine 
levels. Their measure corresponds approximately to -our indexes of average am- 
plitude and number of waves per minute in the beta frequency range, parameters 
which were also increased inflight during the awake state in all three Skylab 
subjects (see Table XIV). Thus, an inflight increase of thyroid activity re- 
mains one possible explanation for some of the FEG alterations associated with 
Skylab. 

Another major factor to be considered is the influence of the various drugs 
administered during Skylab. A number of medications are known to produce altera 
tions in the electroencephalogram, and some of these were utilized inflight. A 
summary of inflight medication usage for the three Skylab subjects is presented 
in Table XV. 

Some stimulant-type drugs, particularly dextroamphetamine (and possibly 
others used in Skylab, such as ephedrine, pseudoephedrine, and oxymetazol ine) , 
are known to influence the alpha rhythm. Such effects include an increase in 
the number of waves per epoch (20) and an increase in the mean frequency (21, 
22). These studies also suggest that there may be an increase in the amount of 
beta frequency activity as well in subjects receiving amphetamine- type drugs. 

The elevation of alpha frequency in subject E.G. (Fig. 7) showed two peaks: 
one near the initial portion of the flight (days 3-5) and the other just before 
its termination (days 77-82). Since dextroamphetamine was taken on days 1-4, 
there is a good possibility that this drug may have contributed to the alpha 
frequency elevation at this time. The final elevation, however, does not 
appear to be closely related to the times of administration of the other sym- 
pathomimetic compounds. Although oxymetazol ine was taken on days 75 and 80, 
and ephedrine on day 82, the alpha elevation was also evident on days 77 and 
81, when no medication was taken. The presence of similar peaks in the case 
of subject O.G. could not be determined, since no data was available for 
analysis prior to day 7 or subsequent to day 35. Consequently, it seems reason- 
able to conclude that some increase of the alpha frequency measure in subjects 
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E.G. and O.G. may be attributable to drug effects, especially in the case of 
E.G. early in the flight. But it is also clear that this factor cannot explain 
the total elevation seen inflight, particularly the elevation seen near the 
termination of the 84-day mission. 

Two of the drugs used inflight, secobarbital and flurazepam, are known 
to produce EEG changes in the beta frequency range - primarily an increase 
in the amplitude and the number of waves per unit of time (9, 23). Since 
these two parameters were elevated inflight in all three Skylab subjects, a 
drug effect must again be considered. 

Examination of the data indicates that in the case of subject E.G. (Fig, 3), 
the marked inflight increase of the number of beta waves per minute measure is 
characterized by two plateaus: The number of waves rises rapidly early in the 

flight to a level of approximately 350-400 per minute, and it remains at this 
level until day 40, when there is a second abrupt rise to a level of approxi- 
mately 500-650 waves per minute that persists until day 81. This latter period 
coincides very well with the time of intermittent usage of flurazepam (Dalmane) 
(Table XV) between days 37 and 75. The moderate decrease at day 55 coincides 
with a prior 5-day period during which this drug was not taken. The early rise 
in the number of waves per minute does not appear to be drug-related, since it 
continued to increase beyond the time during which dextroamphetime was utilized 
(days 1-4). 

Subject O.G. (59-day flight) also showed an inflight increase in the number 
of beta waves per minute parameter, and it appears to be unrelated to drug usage. 
In magnitude, it is quite similar to the initial elevation seen in subject E.G. 
The presence of a late peak associated with the time this subject received seco- 
barbital cannot be determined, since no EEG data was available after day 36. 

The two days available for analysis from the 28-day flight show a similar eleva- 
tion - again apparently not drug-related. Thus, these results appear to rule 
out drug effects as the sole cause of the inflight increase in beta activity, 
although it does seem likely that this factor was a contributing one in the 84- 
day mission. 

3. 5. 2. 3. Psychological State . The possible role of mental or psychological 
factors is very difficult to assess for several reasons: (1) the scientific 

literature is confusing and contradictory, and most experiments have not been 
well controlled; (2) the quantitative-analysis techniques used in other studies 
often were insufficient to permit unambiguous interpretation of the results; and 
(3) the Skylab situation did not permit a direct and independent assessment of 
psychological state, and the recording sessions were not controlled for such 
factors. 

Relatively transient increases of alpha frequency have been reported to be 
associated with various alterations of mental state. Several investigators have 
noted an augmentation of alpha frequency when subjects engaged in mental activ- 
ity (24). Becker-Carus (25) found the greatest increase to be associated with 
tasks of relative difficulty, while others (26-29) saw comparable changes in 
alpha when subjects engaged in a variety of mental tasks as compared to the 
resting or relaxed state. More recently, biofeedback techniques (e.g., 30) 
have reportedly been used successfully to increase, or produce other changes in. 
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the alpha frequency (see overall review of this subject in Chatrian and Lairy, 

11 ). 


It seems unlikely that such influences could produce the sustained and 
persistent alterations seen during Skylab, although the possibility of some 
effect cannot be ruled out. It is, of course, conceivable that longer-term 
effects could be indirectly mediated via altered metabolic state, secondary 
to prolonged stress. The answers to these questions cannot be provided by 
the presently available data and must await further inflight experimentation 
under suitably controlled conditions. 


3. 5.2. 4. Effects of Weightlessness . The most unique physiological factor 
inherent to space flight is the existence of the zero-g state and its effects 
upon biological function. Because it is a major alteration of the environ- 
ment, and since other considerations (discussed above) cannot entirely explain 
the EEG changes observed, it obviously must be considered a causal factor. 


One of the most obvious effects of the weightless state is upon the 
vestibular system (31). The vestibular organs comprise an important source of 
neural input to the central nervous system, and it is conceivable that altera- 
tions of this input by the loss of gravity could, in turn, produce changes in 
other parts of the nervous system and result in EEG modifications. There have 
been very few studies of this possible link between vestibular function and EEG. 
While there is good evidence that trans ‘ p t EEG responses occur following dis- 
crete stimulation of the labyrinthine system in humans (32, 33), the evidence 
for long-lasting alterations of the type seen in Skylab is sparse. In a few 
early EEG studies of patients with disorders of the vestibular system, there 
was some evidence presented for electrographic signs of labyrinthine dysfunction. 
Schwab and Carter (34), for example, reported an abnormal unilateral increase in 
the amount of fast (beta range) activity in patients with Meniere's disease. In 
a more recent study, though, Niedermeyer and Hinchcliffe (35) found that the vast 
majority of EEGs in patients afflicted with this disorder were normal, and no 
characteristic finding was described. 


In a few studies, specific attempts have been made to detect changes in the 
ongoing EEG in association with induced vestibular alterations. Liske et al . (36) 
used unilateral caloric stimulation in a group of normal subjects and found no 
associated EEG changes by visual inspection or computer analysis, even though 
the stimulation often produced noticeable nystagmus. In studies involving cats, 
however, Costin et al . (37), using a computer technique (spectral analysis), were 
able to demonstrate consistent increases of low-frequency activity immediately 
following abrupt changes in posture. These responses were abolished by section 
of the vestibular nerves but were unaffected by bilateral section of the dorsal 
columns of the spinal cord. 


Consequently, there is no basis for definitely attributing any of the changes 
seen in Skylab EEG characteristics to vestibular influences. On the other hand, 
since vestibular function certainly can influence the EEG under some experi- 
mental conditions, we cannot rule out the possibility of some similar mechanism 
being active during weightlessness. This question is currently being investi- 
gated experimentally in another phase of this contract, and quantitative EEG 
analyses of the type performed on the Skylab data will be applied in control 
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situations associated with altered vestibular function (e.g., parabolic flight). 
The results of these studies hopefully will permit further assessment of the 
Sky lab findings. 

The other major factor associated with long-term exposure to the zero-g 
environment is the occurrence of fluid shifts among the various body compart- 
ments, resulting primarily from the loss of hydrostatic pressure (38). This 
phenomenon is not yet fully understood, but the major effect seems to be a 
significant loss of fluid from the lower extremities that is not accounted for 
by total body- fluid loss; in other words, there is a significant redistribution 
of fluid within the body. It is not clear where the excess fluid lost from the 
legs goes, but center-of-mass determinations confirm a cephalad shift. In 
addition, conventional photographs of crew members show a puffiness of the face 
and suggest increased fluid in the head and neck regions, while infrared studies 
show distension of the jugular veins and other veins of the temple and forehead 
areas. In view of these facts, the possibility of intracranial edema must also 
be considered. If present, it could conceivably result in alterations of brain 
function which might be reflected in the EEG. This factor must also be consid- 
ered as one possible cause of the "space motion sickness syndrome," which is 
accompanied by several symptoms compatible with a neurological origin (e.g., 
headache, nausea, vomiting, etc.). 

Acute (abrupt) and transient (less than 5 minutes) increases of cerebro- 
spinal fluid pressure, per se, do not result in noticeable EEG changes (39). 

EEG changes commonly attributed to increased intracranial pressure of longer 
duration are often secondary and actually reflect underlying tissue damage 
produced by the primary disease process (e.g. , tumor, hematoma, ventricular 


dilitation, etc.). However, 
symptoms and signs of raised 


patients are occasionally seen who present with 
intracranial pressure but without other evidence 


of intracranial pathology or ventricular dilitation. This disorder is commonly 
known as benign intracranial hypertension, and these cases provide an ideal 
means for studying the EEG signs of increased intracranial pressure in the ab- 
sence of physical distortion. In a comparative study of 14 patients, Mani and 
Townsend (40) found a number of EEG alterations, including both transient or 
burst-type abnormalities (-75%) and long-term alterations of the background 
activity (=36%). With respect to the background alterations, two major types 
were seen: In one category (-14%), there was a definite increase in the amount 

and amplitude of beta frequency range activity; in the other (-14%) , the theta 
and delta frequency range components were increased in amplitude and amount. 

An important point, also emphasized by this and other studies of benign intra-' 
cranial hypertension (e.g., 41, 42), is that the background EEG is often en- 
tirely within the range of normal variation (=64% of Mani and Townsend's 
patients). Unfortunately, no quantitative data comparing individual values 
in the normal and hypertensive states is available. Thus, within the normal 
range, it is certainly possible and even likely that significant increases or 
decreases of various frequency components occur at times of increased intra- 
cranial pressure, as compared to times of normal pressure. 

In view of the above findings, a "typical" case of benign intracranial 
hypertension might be expected to show relatively minor changes in background 
activity and perhaps also exhibit transient or burst-type abnormalities. Dur- 
ing Skylab, no transient abnormalities were detected, but definite. changes in 




background activity, within the normal range, did occur. The most notable 
Sky lab alteration - an increase of the alpha range average frequency - is 
not reported as occurring in benign intracranial hypertension, although its 
presence cannot be ruled out in those cases that were simply reported as 
"normal" at one point in time. One very consistent Skylab finding was an 
increase in the number of beta range waves occurring per minute in the awake 
stage (Tables I and XIV). This observation is compatible with the qualitative 
study of Mani and Townsend (40), in which 14% of their patients showed a 
similar increase of beta activity. Other Skylab changes, such as the increase 
in number of delta waves per minute in the awake state and during stages 2 and 
3 of sleep, might also be compared to analogous findings in some benign intra- 
cranial hypertension patients (40). Thus, as with the vestibular effects, the 
data now available does not permit a conclusion to be drawn regarding the 
possible presence of increased intracranial pressure, secondary to body-fluid 
shifts. This possibility is certainly not ruled out by the EEG findings, how- 
ever, and it should be seriously considered in the design of future experiments. 

3.5.3. Conclusions 

In spite of considerable individual variation, several EEG characteristics 
showed similar changes in all three Skylab subjects. In particular, compared 
to preflight studies, the amount of beta and delta activity tended to increase 
inflight in the awake state, as did the alpha frequency. During sleep, inflight 
amplitudes in the delta range were found to be increased. Although these intra- 
individual changes were statistically significant, the absolute values were 
never outside the range of normal variation. 

The Skylab EEG changes are difficult to evaluate because of the multiplic- 
ity of potentially influential factors present in the inflight environment. 

Drugs used occasionally for medical purposes must be regarded as one very 
likely etiological factor. These could explain part, but not all, of the in- 
crease in beta range activity and possibly also a portion of the alpha frequency 
elevation. Increased metabolic activity must also be considered, in view of 
elevated thyroid-function tests in the immediate postflight period. Psychological 
factors (e.g., induced by stress) are considered to be unlikely candidates for 
causing the long-term alterations observed but could conceivably be contributing 
elements. Weightlessness, itself, is considered to be a very likely common 
denominator underlying some of the EEG changes observed. While the vestibular 
disturbances associated with the zero-g state may contribute by altering patterns 
of neuronal input, a more likely mechanism involves fluid-shift factors (secondary 
to loss of hydrostatic pressure), which may lead to an increase of intracranial 
pressure and concomitant EEG modifications. 

The results suggest that the EEG, if applied in the proper context and 
with suitable controls for internal and external environmental influences, 
could provide more definitive information regarding the etiology of the "space 
motion sickness syndrome." Other work currently in progress (supported by 
Contract NAS 9-13870), including analysis Of long-term bed-rest EEG data 
and EEG recordings during parabolic flight, will provide further information 
on vestibular and fluid-shift mechanisms and hopefully will narrow the range 
of etiological possibilities identified in this study. 
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SKYLAB EEG ANALYSIS 
Average Values 
Condition' Awake 


FREQUENCY 

BAND 

MEASUREMENT 

BETA 

AVERAGE AMP. 

BETA 

MEAN FREQ. 

BETA 

MODAL FREQ. 

BETA 

NO. Y/AVES / MIN 


ALPHA 

AVERAGE AMP. 

ALPHA 

MEAN FREQ. 

ALPHA 

MODAL FREQ. 

At PH A 

HO WAVES / M ! M 


THETA 

AVERAGE AMP. 

THETA 

MEAN FREQ. 

THETA 

MODAL FREQ. 

THETA 

NO. WAVES / MIN 


DELTA 

AVERAGE AMP. 

6.9 

DELTA 

MEAN FREQ. 

2.1 

DELTA 

MODAL FREQ. 

2.5 

DELTA 

NO. WAVES/ MIN 

40 



a >5%, n.s. 
* £< 0.10 
** £<0.05 
*** £< 0.01 


TABLE I 















































































































































SKYLAB EEG ANALYSIS 


Average Values 
Condition** Stage REM Sleep 


FREQUENCY 

BAND 

MEASUREMENT 

BETA 

AVERAGE AMP. 

BETA 

MEAN FREQ. 

BETA 

MODAL FREQ. 

BETA 

NO. WAVES / MIN 


Subject O.G. 


Subject E.G. 


ALPHA 


ALPHA 


ALPHA 


AL PHA 


THETA 


THETA 


THETA 


THET 


DELTA 


DELTA 


DELTA 


DELTA 


19.0 


11,8 

12.0 

11.7 

18.9 

18.9 

19.2 

14.7 

17.9 

** 

<P 

412 

398 

383 

A 


AVERAGE AMP. 


MEAN FREQ. 


MODAL FREQ. 


NO WAVES / fc 


AVERAGE AMP. *^- 2 


9.0 

9.0 

9.3 

9.0 

9.1 

8,9 

8.9 j 

9.2 

9.4 

A 

T~95~ 

i 

196 ! 

189 


iii 


15.9 

ip 

198 

489 

•kkk 


14.9 

15.7 

A 

9.3 

9.4 

ToT 

10.0 


316 1312 1318 1202 


14.4 15.0 13.3 11.8 13.6 9.5 

A ** * 


MEAN FREQ. 


MODAL FREQ. 


IIEHBIEHI 


6.5 


4.9 4.8 


5.3 15.6 14.3 
A 


NO. WAVES / MIN 118 124 


163 161 161 159 1168 1123 


■■■ 

III 


MEAN FREQ. 


MODAL FREQ. 


NO. WAVES / M!N 84 


17.9 

17.2 

15.0 

* 

2.0 

2.0 

m 

2.5 

PMM 

2.5 

103 

101 j 

98 


i 

ii 
i 


2.0 1.9 11.9 


86 87 74 

A 


Subject W.T 


12.4 


18.6 18.1 18.2 


19.6115.8118.2 


406 1275 1195 
* 


13.6 11.8110.3 
A I A 


9.0 8.7 8.5 

** I -k 


9.9 8.9 8.2 

A * 


242 1213 1183 
A 


14.2 13.3 11.8 

A A 


4.7 4.7 


6.0 15.6 5.6 

A 1 A 


135 1131 1124 

A 


22.7 21.7 18.4 

A 


2.0 2.0 1.8 

A 


2.8 2.7 2.8 


79 78 75 

A 


TABLE II 
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SKYLAB EEG ANALYSIS 
Average Values 

Condition: Stage 2 Sleep 


FREQUENCY 

BAND 

MEASUREMENT 

Sub 

PRE 

ect J. 
IN 

K. 

POST 

Sub 

PRE 

ject 

IN 



D.G. 

POST 


Sut 

PRE 

)ject 

IN 

E.G. 

POST 


Sub 

PRE 

ject 

IN 

W.T. 

POST 

1 i 

J 

1 

i 

1 

■i 

i 

. jj 
\ 

1 

i j ' 

1 ' fi 

■ 

1 ^ H 

1 
H 

s 

. ’ S 

i; 

. H 

. • i{ 

:• -‘ t • 

BETA 

AVERAGE AMP. 

9.1 

8.9 

9.2 

12.9 

12.8 

13.3 


8.6 

11.6 

'k'k'k 

10.3 

** 


TTnr 

10.9 

A 

vo i 8 

BETA 

MEAN FREQ, 

17.3 

16.9 

17.3 

18.0 

18,2 

17.4 

* 


17.0 

17.9 

** 

16.8 


17.8 

17.2 

16.6 

* 

BETA 

MODAL FREQ, 

15.3 

14.3 

.. _A. i 

15.4 

16.6 

16.6 

14.4 

* 


14.8 

15.5 

14.2 


14.6 

15.2 

14 . 9 ' 

BETA 

NO. WAVES / MIN 

282 

217 

A , 

252 

A 

280 

- 

346 

A 

321 

A 


159 

372 

•k'k'k 

239 

* 


285 

256 

A 

205 

A 

















ALPHA 

AVERAGE AMP. 

10.4 

11.5 

A_ 

10.9 

19.5 

17.9 

A 

17.8 

A 


11.9 

14.7 

** 

12.9 

** 


17.3 

14.4 

A 

12.9 

A 

ALPHA 

MEAN FREQ. 

9.4 

9.5 

9.5 

9.4 

9.3 

9.2 

* 


9.0 

9.1 

9.1 


9.4 

9.0 

** 

9.0 

ALPHA 

MODAL FREQ. 

10.8 

11.0 

11.3 

10.4 

10.2 

10.4 


9.8 

10.7 

A 

10.7 

* 


10.7 

10.1 

A 

9.5 

A 

ALPHA 

NO. WAVES / MIN 

239 

• 

244 

: 

259 

A 

341 

303 

A 

327 


182 

242 

** 

220 

* 


220 

195 

A 

11881 

A 


, 















.THETA 

AVERAGE AMP. 

9.7 

12.3 

9.8 

17.5 

18.2 

18.3 


15.9 

18.0 

A 

15.6 


17.1 

18.0 

A 

15.6 

A 

THETA 

MEAN FREO. 

4.6 

4.7 

4.8 

** 

4.8 

4.8 

4.7 


4.7 

4.7 

4.6 


4.7 

4.6 

4.6 

* 

THETA 

MODAL FREQ. 

5.0 

5.3 

A 

5.5 

* 

5.5 

5.8 

A 

TT 

A 


5.3 

5.2 

4.9 

A 


5.2 

5.1 

4.3 

* 

THETA 

NO. WAVES / MIN 

109 

161 

A 

128 

A 

172 

149 

** 

147 

* 


154 

156 

144 

A 


146 

¥ 

129 

* 

















DELTA 

AVERAGE AMP. 

14.1 

16.9 

A 

12.5 

A 

23.2 

26.4 

** 

24,2 


22.1 

23.4 

A 

23.5 

A 


27.0 

30.0 

A 

26.5 

DELTA 

MEAN FREQ. 

1.8 

1.8 

1.9 

* 

2.1 

2,0 

2,1 


1.9 

2.0 

A 

1.9 


2.0 

2.0 

: i-9 

1 A 

DELTA 

MODAL FREQ. 

1.9 

3.0 

A 

2.7 

A 

2.8 

2.8 

p" 

r 

i 

2.4 

3.0 

A 

2.2 

A 


2.9 

2.8 

2.9 

DELTA 

NO. WAVES / MIN 

63 

97 
l A 

78 
; A 

98 

100 

107 

* 


97 

106 

A 

91 

A 


T9 

* 

! A 


A >5%, n.s. If 

* £< 0.10 
** £<0.05 
*** £< 0.01 


TABLE III 
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FREQUENCY 

BAND 

BETA 

BETA 

BETA 

BETA 

ALPHA 

ALPHA 

ALPHA 

ALPHA 


SKYLAB EEG ANALYSIS 
Average Values 
Condition 5 Stage 3 Sleep 


MEASUREMENT 

AVERAGE AMP. 
MEAN FREQ. 
MODAL FREQ. 


Subject J, K. 


Subject O.G. 


Subject E.G. 


Subject W.T. 


IN I POST I PRE I IN I POST PRE I IN (POST PRE I IN I POST 


AVERAGE AMP. 
MEAN FREQ. 
MODAL FREQ. 
NO. WAVES / M 


8.4 

10.8 
__A , 

7.8 
__A 

14.0 

12.8 
_A 

11.2 

* 

8.1 

11.4 

*** 

9.7 

** 

13.8 

9.8 
_A 

17.7 

17.7 

16.6 

A 

17.6 

17.8 

18.0 

16.3 

17.2 

** 

16.5 

17.7 

16.6 

** 

14.6 

14.4 

14.9 

14.1 

14.8 

15.1 

* 

14.2 

14.6 

14.2 

15.5 

14.5 
__A 

245 

284 

A 

97 

* 

282 

258 

A 

181 

* 

70 

218 

*** 

175 

** 

216 

143 

Aj 












10 . 3 j 

i 

14 . i 

* 

10.4 

21.1 

19.5 

* 

20.2 

12.3 

15.9 

kkk 

13.2 

_A 

17.9 

14.0 

A 

9.6 

9.4 

9.6 

9.3 

9.3 

9.3 

9.0 

9.5 

-kick 

9.2 

** 

9.5 

9.0 

** 

11.5 

i 

11.1 

11.1 

10.6 

10.5 

9.9 

A 

9.8 

10.9 

10.6 

A __ 

9.4 

9.5 

217 

219 

215 

324 

314 

352 

140 

246 

i t 

216 
l l 

213 

1 

159 

1 A 


THETA 

AVERAGE AMP. 

10.4 

15.9 

* 

11.0 

A 


21.4 

19.6 

* 

19.6 

A 


16.2 

18.6 

** 

15.4 

18.8 

18.7 

16.6 

A 

THETA 

MEAN FREQ. 

4.6 

4.7 

4.7 


4.8 

4.8 

4.7 


4.7 

4.7 

4.8 

4.9 

4.7 

. 

4.6 

A 

THETA 

MODAL FREQ. 

4.0 

5.3 

* 

4,9 

* 


5.7 

5.5 

4.9 

A 


5.2 

5.4 

5.6 

A 

6.0 

5.1 

A 

4.6 

A 

THETA 

NO. WAVES / MIN 

114 

145 

A 

1 8 8 

_ 

161 

153 

146 

A 


TFo - 

140 

** 

W 

125 

119 

119 

















DELTA 

AVERAGE AMP. 

20.6 

35 . 3 ; 

*, 

23.9 

A 

i 

29.6 31.2 
_LA 

31.2 

* 


29.0 

32.9 

** 

29.6 

36.9 

. 

41.2 

A 

36.0 

DELTA 

MEAN FREQ. 

1.9 

2.0 

A 

1.8 

A 


2.0 

1.9 

A 

1.9 

A 


1.9 

1.9 

1.9 

2.1 

1.9 

A 

1.8 

A 

DELTA 

MODAL FREQ. 

1.9 

1.8 

4 

1.8 

A 


2.7 

2.8 

2.6 


2.2 

2.5 

A 

3.2 

** 

2.7 

2.4 

A 

2.5 

A 

DELTA 

NO. WAVES/ MIN 

66 


62 

A 

.1 

98 

92 

A 

89 ™ 

A 


70 

84 

A 

69 

65 

79 

A 

76 ' 
A 


A >5%, n.s. 
* £< 0.10 
** £<0.05 
*** £< 0.01 


TABLE IV 







MEAN FREQ. 


MODAL FREQ. 


NO. WAVES 


TABLE V 
































































































































EEG PARAMETER 


INFLIGHT INCREASE 
AVERAGE AMP. 
MEAN FREO. 
MODAL FREO. 

NO. WAVES / MIN 


INFLIGHT DECREASE 
AVERAGE AMP. 



postfligMt INCREASE 
AVERAGE AMP. 
MEAN FREO. 


MODAL FREQ. 

NO. WAVEs/m IN 



AVERAGE AMP. 
MEAN FREQ. 
MODAL FREO. 


NO. WAVES /MIN 





































































































































MEAN FREQ. 


MODAL FREQ. 

NO. WAVES/ MIN 


POSTFLIGHT DECREASE 


AVERAGE AMP. 


MEAN FREQ. 


MODAL FREQ. 

NO. WAVES /MIN 






















































































































































































































































INCIDENCE OF ALTERATIONS ( £ <0.10) 


Condition 1 Stage 2 Sleep 


EEG PARAMETER 


INFLIGHT INCREASE 


AVERAGE AMP. 


MEAN FREQ. 


MODAL FREQ, 


NO. WAVES / MIN 


‘INFLIGHT DECREASE 


AVERAGE AMP. 


MEAN FREQ, 


MODAL FREQ. 


NO, WAVES/ MIN 


POST FLIGHT increase 


AVERAGE AMP. 


MEAN FREQ, 


MODAL FREQ, 


NO. WAVEs/m IN 


POSTFLIGHT DECREASE 


AVERAGE AMP. 


MEAN FREQ. 


MODAL FREQ. 


NO. WAVES/ MIN 


DELTA RANGE 


TABLE IX 


















































































































































































































































INCIDENCE OF ALTERATIONS (p<0J0) 


Condition: Stage 3 Sleep 


E EG PARAMETER 


INFLIGHT INCREASE 


AVERAGE AM P. 


MEAN FREQ, 


MODAL FREQ 


NO. WAVES /MIN 


N FLIGHT DECREASE 


AVERAGE AMP. 


MEAN FREQ. 


MODAL FREQ. 


NO. WAVES / MIN 


post flight increase 


AVERAGE AMP. 


MEAN FREQ 


MODAL FREQ. 


NO. WAVES/ MIN 


POSTFLIGHT DECREASE 


AVERAGE AMP. 


MEAN FREQ, 


MODAL FREQ. 


NO. WAVEs/mIN 



THETA 
Sky lob 1 

RANGE 
SALE AT. 


0 

0 

0 

0 

i 

0 

0 

0 


r>o 

0 

0 

0 

0 

! 

0 

0 

0 


0 

0 

o 

0 

o 

i ■■■ 

0 

0 

0 


TABLE XI 


mm 




































































































































INCIDENCE OF ALTERATIONS (p<0.10 and >5%, n.s.) 


Condition- stage 3 Sleep 


t EG PARAMETER 


IN PLIGHT INCREASE 


AVERAGE AMP. 


MEAN FREQ, 


MODAL FREQ. 

NO. WAVES / MIN 


INFLIGHT DECREASE 
AVERAGE AMP, 


MEAN FREO. 



'posttligHt increase 


AVERAGE AMP. 

1 

MEAN FREQ. 

0 

MODAL FREQ. 

... ’ ’ — • . | 

1 

NO. WAVE s/m IN 

1 



POSTFLIGHT DECREASE 


AVERAGE AMP. 


MEAN FREO. 


MODAL FREQ. 


NO. WAVES / MIN 




ALPHA RANGE 





o 1 

0 

2 

i .. 

1 

1 

1 
































































































28-day 


59-day 


84-day 


SMEA7 





































SUMMARY OF MOST COMMON INFLIGHT ALTERATIONS 


Parameter 


Beta Range, No. Waves/Min 


eta Range, Average Amplitude 


Ipha Range, Mean Frequency 


Ipha Range, Modal Frequency 



Ipha Range, Average Amplitude 


heta Range, Average Amplitude 


Delta Range, No. Waves/Min 


elta Range, Average Amplitude 




























INFLIGHT MEDICATIONS 


Mission Days on Which Drug Was Taken 


Drug 

J.K. (28-day flight) 

O.G. (59-day flight) 

E.G. (84-day flight) 

Scopolamine 

1 

2, 3, 60 

1, 2, 3, 4 

Dextroamphetamine 

1 

2, 3, 60 

1, 2, 3, 4 

Pseudoephedrine HC1 



60 

Ephedrine 



1, 2, 3, 8, 33, 82 

"Promethazine 



1, 2, 3, 8, 33, 82 

Flurazepam HC1 

' 

■ 


37, 49, 59, 63, 71, 
75, 83, 84 

Oxymetazol ine HC1 

14 

15, 16 

62, 74, 75, 80 

Mylanta: AT (OH);?; 

simethacone; Mg (OH)? 


3 


Secobarbital 


53, 54, 55, 56 


Aspirin 



17, 67 


TABLE XV 





Table A1 
































Table A2 



HigM 59-day Condition..,, Awake 

Subject 06 Frequency Range , . .Beta. 


Table A3' 



Table A4 

















































































































Table A5 
















































able A6 
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